Purpose. To investigate cytokine production by chondroblastoma in inducing local inflammation and adjacent-joint arthritis. Methods. Immunohistochemical analyses of curetted tissues using anti-human interleukin (IL)-1β, IL-6, IL-8, and tumour necrosis factor (TNF)-α were performed for 6 patients with chondroblastoma and 3 patients with giant cell tumour (GCT) of bone. In addition, prostaglandin E 2 , IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, and TNF-α in the cyst fluid of one of the patients with chondroblastoma and 2 with GCT of bone were measured using immunoassay kits. Results. More positive staining for IL-1β, IL-8, IL-6, and TNF-α was shown in chondroblastoma than GCT of bone samples. Osteoclast-like giant cells in chondroblastomas showed positive staining for IL-6 only. In addition, concentrations of IL-4, IL-6, and IL-8 in the cyst fluid were higher in the one patient with chondroblastoma than the 2 patients with GCT
INTRODUCTION
Chondroblastoma is a rare benign cartilaginous tumour that typically occurs in the medullary cavity of a long-bone epiphysis or apophysis. 75% of such patients are aged 10 to 20 years. 1, 2 Persistent local pain and muscle atrophy are the most common symptoms, followed by swelling and local heat, with subsequent limitation of movement in the proximal joint. Radiography usually reveals a periosteal reaction. Magnetic resonance imaging (MRI) reveals an inflammatory reaction, which entails bone marrow and soft tissue oedema. 3 Prostaglandins (PGs) and cyclooxygenase-2 produced by the tumour cells play an important role in the inflammatory reaction of the local and adjacent joints. [3] [4] [5] Cytokines are polypeptide products of many cell types that modulate the immune system and serve as growth factors that induce fibroblastic proliferation via interleukin (IL)-1 and tumour necrosis factor (TNF). 6, 7 They exert their effects in 3 ways: (1) acting on the cell that produces them (autocrine effect); (2) affecting neighbouring cells (paracrine effect); and (3) affecting cells systemically (endocrine effect). 7 The autocrine and paracrine effects of cytokines are likely to induce synovial inflammation in rheumatoid arthritis. The normal synovium is an acellular structure with an intimal lining comprising macrophage and fibroblast-like cells known as synoviocytes. Macrophage and fibroblast-like cells in the intimal lining produce cytokines, such as IL-1 and TNF-α, which activate surrounding cells and induce synovial inflammation. 8 It is unknown whether the cytokines produced by chondroblastoma cells induce local inflammation. We assessed and compared the production of inflammatory cytokines in patients with chondroblastoma versus giant cell tumour (GCT) of bone.
MATERIALS AND METHODS
All tumour tissues were obtained in accordance with guidelines of our hospital. Informed consent was obtained from each patient. Between November 1998 and October 2002, 4 males and 2 females aged 13 to 22 (mean, 16) years underwent curettage for chondroblastoma of the leg (Table 1 ). All patients presented with local pain with no previous trauma; 4 of them with lesion in the proximal tibia had additional symptoms (local heat, swelling, and limited knee range of motion and function). Laboratory findings, including C-reactive protein levels and white cell counts were all within normal limits, except for the slightly increased erythrocyte sedimentation rate. Radiographs showed round-to-ovoid lytic lesions with well-defined sclerotic borders at the epiphysis with or without a periosteal reaction. MRI showed poorly defined inflammation and/or oedema of the bone marrow and surrounding soft-tissue, with high signal intensity on both gadolinium-enhanced T1-weighted (TR=500 ms, TE=20 ms) and T2-weighted (TR=2500 ms, TE=80 ms) images. Synovitis of adjacent joints was shown up as synovial thickness on T1- weighted and joint effusions on T2-weighted images.
Curetted tissues were fixed in 10% formaldehyde solution; paraffin sections were prepared for histological and immunohistochemical (IHC) studies for definitive diagnosis. IHC results of the patients with chondroblastoma were compared with those of one man and 2 women aged 17 to 33 (mean, 27) years with GCT of bone. In addition, cyst fluid was aspirated and centrifuged (to remove cells) before curettage for one patient with cystic changes in a chondroblastoma of the greater trochanter of the femur (Fig. 1) . To assess whether cytokines were produced in the tumour, his supernatant fluid (serum and cyst fluid) was assayed and compared with that of the 2 of the patients with GCT of bone.
For PG and cytokine assay of the cyst fluid, PGE 2 was measured using radioimmunoassay kits; IL-1β, IL-2, IL-6, TNF-α, IL-4, and IL-8 were measured using immunoassay kits; and IL-5 was measured using an ELISA system.
For IHC studies of cytokines, goat polyclonal antihuman IL-1β, IL-6, IL-8, and TNF-α immunoglobulin G (IgG) were used, and the avidin-biotin complex method 9 was applied. 10-14 3-μm-thick sections were placed on silane-coated glass slides. The sections were dewaxed in xylene and rehydrated in a graded series of ethanol solutions. The endogenous peroxidase activity was blocked using a 0.3% H 2 O 2 -methanol solution for 30 minutes. Prior to the primary antibody reaction, the section was treated in 0.1 M citric acid buffer at pH 6.0 for IL-1β, in 0.001 M of EDTA at pH 8.0 for IL-8 and TNF-α in the autoclave at 121ºC for 10 minutes for high-temperature epitope retrieval. The sections were rinsed in phosphate-buffered saline of pH 7.4, then incubated with 10% normal rabbit serum for 30 minutes to reduce non-specific immunostaining, then further incubated at 4ºC overnight with diluted primary antibody by 1% of bovine serum albumin (IL-1β, 1:400; IL-6, 1:200; IL-8, 1:800; and TNF-α, 1:400). The sections were washed and incubated with secondary antibody (biotinylated anti-goat IgG for goat antibody) for 30 minutes, followed by 1:100 dilution of the avidin-biotinperoxidase complex for another 30 minutes at room temperature. The peroxidase was visualised using 0.02% 3-3'-diaminobenzidine tetrahydrochloride containing 0.005% H 2 O 2 in 0.01M Tris-phosphate buffer of pH 7.4. The sections were counterstained lightly with haematoxylin.
The IHC results were classified as negative (no positive cells), mild (<5% of cells positive), partial (5-50% of cells positive), and diffuse (>50% of cells positive). 6 Distribution of IHC staining in the tumour cells, osteoclast-like giant cells, and matrix areas were evaluated. 15, 16 Human tonsillar tissues were used as positive controls for each primary antibody, whereas 1% bovine serum albumin was used as a negative control (Fig. 2) .
RESULTS
For PG and cytokines in the cyst fluid, concentrations of IL-4 (in both serum and cyst fluid), IL-6, and IL-8 (in the cyst fluid) were higher, whereas concentrations of IL-2 and PGE 2 (in the cyst fluid) were lower in the patient with a chondroblastoma in the greater trochanter of femur, compared with those in the 2 patients with GCT of bone ( Table 2 ). These findings were not definitive because of the limited number of cases, but may be one criterion for choosing cytokine antibodies for IHC studies. In the patient with a chondroblastoma of the greater trochanter of femur, the concentration of both IL-6 and IL-8 were higher in the cyst fluid than serum, but the concentration of TNF-α was similar. This discrepancy may be attributed to taking only a single sample, and the cyst contained secreted cytokines from the chondroblastoma.
For IHC studies of cytokines, more positive staining for IL-1β, IL-6, IL-8, and TNF-α was encountered in samples of chondroblastoma than GCT of bone (Table  3 and Fig. 3 ). All chondroblastoma samples were positive for IL-6, IL-8, and TNF-α, except in one that was negative for IL-8. Osteoclast-like giant cells were positive for IL-6 only in samples of chondroblastoma but not GCT of bone; there was no staining for IL-1β, IL-8, TNF-α, or in matrix areas. Two samples of GCT of bone were slightly positive for IL-8, and one for TNF-α.
DISCUSSION
Histology of the chondroblastomas and GCTs of bone is always associated with osteoclast-like giant cells. 1, 17 Chondroblastomas are easily misinterpreted as GCTs of bone when chondroid and calcification is absent and large multinucleated giant cells are abundant. 1 Chondroblastomas are often accompanied by local inflammation such as local heat, swelling, and adjacent joint arthritis with effusion, whereas GCTs of bone are seldom accompanied by adjacent joint arthritis. 17 Patients with GCT of bone were therefore used as controls in our study.
MRI is valuable for examination of inflammatory reactions around chondroblastomas. It can reveal bone marrow oedema, soft-tissue swelling, and adjacent joint effusions on both gadolinium-enhanced T1-and T2-weighted images. 3, 4, 18, 19 PG and cyclooxygenase-2 expression plays an important role in peritumoral inflammation of primary bone tumours. 5, 19, 20 The PG level produced by chondroblastomas is much higher than that encountered in GCTs of bone, 3, 19 but the PG level in the cyst fluid of our patient with a chondroblastoma in the greater trochanter of femur was lower than that in the 2 patients with GCTs of bone. This discrepancy may be attributable to the different materials measured (cyst fluid of the tumour vs. tumour tissue homogenate).
19
Both IL-1 and TNF initiate non-specific proinflammatory responses such as activation of endothelium and mononuclear inflammatory cells. These cytokines can be produced by almost any cell. They activate surrounding cells and enhance synovial inflammation. 7, 8 Therefore, anti-human IL-1β, IL-6, IL-8, and TNF-α antibodies were selected for the IHC studies, with a view to elucidating whether these cytokines were expressed on chondroblastoma cells. Anti-human IL-4 antibody was not used because it was not commercially available at that time. The principle of IHC is to use enzyme-linked antibodies to detect tissue antigens. Chondroblastomas express S-100, vimentine, and neuron-specific enolase, 21 but whether cytokines are presented is unknown.
Macrophages and tissue cells (e.g. endothelium) produce IL-8, which activates and recruits inflammatory cells to the injury site. 6, 7 In our study, cytokines such as IL-1β, IL-8, TNF-α, and particularly IL-6 played a similar role to that of PGs in relation to local inflammation in chondroblastomas. 3, 19 In addition, IL-4, which regulates lymphocyte growth, activation, and differentiation, may be an important cytokine for local inflammation around chondroblastomas, because its concentration in tumour cyst fluid was high. Nonetheless, only a single sample was measured. Additional IHC studies using other cytokines are necessary to elucidate the mechanism of local inflammation in chondroblastomas. More samples and semiquantitative analyses of mRNA in the tumour tissues may help demonstrate quantification of more exact cytokine expression. New techniques such as RNA microarrays and proteomics, which assess the profile of genes and proteins in tissues, may help elucidate the exact local inflammatory mechanisms manifest by chondroblastomas. 15, 16 Some cytokines were strongly associated with inflammation of chondroblastoma cells. Based on that speculation, anti-cytokine therapy can be a new non-surgical treatment for patients with chondroblastomas. More experiments are necessary to elucidate these mechanisms.
